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f— ( ' Abstract 

I We compute the first cohomology spaces (05P(1|2);S)a,^) (A, ^ G R) of the Lie 

' superalgebra osp(l|2) with coefficients in the superspace ©a./x of linear differential 

■ operators acting on weighted densities on the supercircle S^'^. The structure of these 
G ! spaces was conjectured in In fact, we prove here that the situation is a little bit 

I more complicated. (To appear in LMP.) 
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o\ 1 Introduction 
O ; 

^ I The space of weighted densities with weight A (or A-densities) on S^, denoted by: 

: = {f{dx)\ f G C^{S')} , (A G M), 

><: 

■ is the space of sections of the line bundle {T*S^)® . Let Vect(S'^) be the Lie algebra of all 
vector fields F£ on S^, (F G C°°(^^)). With the Lie derivative, Tx is a Vect(^^) -module. 
Alternatively, the Vect(S'^) action can be written as follows: 

L\Ai{dxf) = (Ff + XfF'){dx)\ (1.1) 

dx 

where /', F' are f , 

Let A be a differential operator on S^. We see A as the linear mapping f{dx)^ ^ 
{Af){dx)'^ from J^x to J-'^ (A, /i in M). Thus the space of differential operators is a Vect(S'^) 
module, denoted T>x^^. The Vect(S'^) action is: 

L^^(A) = oA- AoL^. (1.2) 
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If we restrict ourselves to the Lie subalgebra of Vect(S'^) generated by x^, a;^^}, 
isomorphic to 51(2), we get a family of infinite dimensional sl(2) modules, still denoted 

P. Lecomte, in found the cohomology spaces (s[(2); I^a./x) and (s[(2); "Da,/^)- 
These spaces appear naturally in the problem of describing the deformations of the s[(2)- 
module V of the differential operators acting on = ® J-'i+k . More precisely, the first 
cohomology space (5t(2); V) classifies the infinitesimal deformations of a sl{2) module V 
and the obstructions to integrability of a given infinitesimal deformation of V are elements 
of {si{2); V). Thus, for instance, the infinitesimal deformations of the sl{2) module V 
are classified by: 

(s[(2); V) = ©LoH' (st(2); ^^i^,i±i) © ©L-nH' (s[(2); I^i±i,i±i) • 

In this paper we are interested to the study of the corresponding super structures. More 
precisely, we consider here the superspace S"^'^ equipped with its standard contact structure 
1-form «, and introduce the superspace ^\ of A-densities on the supercircle S"^'^. 

Let /C(l) be the Lie superalgebra of contact vector fields, ^\ is naturally a /C(l)- module. 
For each A, n in M, any differential operator on 5*^'^ becomes a linear mapping from ^\ to 

thus the space of differential operators becomes a /C(l)-module denoted Sa.^c 

To the symplectic Lie algebra s{{2) corresponds the ortosymplectic Lie superalgebra 
osp(l|2) which is naturally realized as a subalgebra of /C(l). Restricting our /C(l)-modules 
to osp(l|2), we get 05p(l|2)-modules still denoted ^x, '^x,^l■ 

We compute here the first cohomology spaces (osp(l|2); 2Da,^(), (A, /i in M), getting 
a result very close to the classical spaces {sl{2); T>x^^). Especially, these spaces have the 
same dimension. Moreover, we give explicit formulae for all the non trivial 1-cocycles. 

These spaces arise in the classification of infinitesimal deformations of the 05p(l|2)- 
module of the differential operators acting on 6" = ^^^i_^d !i- We hope to be able to 
describe in the future all the deformations of this module. 



2 Definitions and Notations 

2.1 The Lie superalgebra of contact vector fields on S^^^ 

We define the supercircle S^^^ through its space of functions, C°°{S^^^). A C°°{S^^^) has 
the form: 

Fix,e) = Ux) + eMx), 

where x is the even variable and 6 the odd variable: we have 6"^ = 0. Even elements 

in C°°{S^^^) are the functions F(x,9) = fo{x), the functions F(x,9) = 9fi(x) are odd 
elements. Note p{F) the parity of a homogeneous function F. 
Let Vect(S'^l^) be the superspace of vector fields on 5*^'^: 

Vect{S'\') = {Fod, + F,de F^ e {S'^')} , 
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where de and dx stand for ^ and ^. The vector fields f{x)dx, and 9f{x)de are even, the 
vector fields 6f{x)dx, and f{x)do are odd. The superbracket of two vector fields is bilinear 
and defined for two homogeneous vector fields by: 

[X,Y]^XoY- o X. 

Denote Sjx the Lie derivative of a vector field, acting on the space of functions, forms, 
vector fields,. . . 

The supercircle -S"^'^ is equipped with the standard contact structure given by the fol- 
lowing even 1-form: 

a — dx-\- 9d6. 

We consider the Lie superalgebra /C(l) of contact vector fields on S'^'^. That is, /C(l) 
is the superspace of conformal vector fields on S^^^ with respect to the 1-form a: 

/C(l) = {X e Vect(5^l^) I there exists F e C°°(5^l^) such that £x(q;) = Fa). 

Let us define the vector fields r] and 1) by 

rj^de + Odx, fj^de-Odx- 

Then any contact vector field on 5*^1^ can be written in the following explicit form: 

Xf = Fdx + ^v{F){de - edx) - -Ff + ]^ii{F% where F e C°°(5^|i). 

Of course, /C(l) is a subalgebra of Vect(,5^|i), and /C(l) acts on C°°{S^\^) through: 

SlxAG) = FG' + • ^(G). (2.3) 

Let us define the contact bracket on C°°(5'^'^) as the bilinear mapping such that, for a 
couple of homogenous functions F, G, 

{F, G) = FG' - F'G + \{-lY^^^^'r){F) ■ rj{G), (2.4) 

Then the bracket of /C(l) can be written as: 

[Xp, Xg] = X^F^G}- 

2.2 The superalgebra osp(l|2) 

Recall the Lie algebra s[(2) is isomorphic to the Lie subalgebra of Vect(5'^) generated by 



Similarly, we now consider the orthosymplectic Lie super algebra as a subalgebra of /C(l): 

05p(l|2) = Span(Xi, X^, X^2, X^g, Xe). 
The space of even elements is isomorphic to 5 1(2): 

(osp(l|2))o = Span(Xi, X,, X,^) =51(2). 
The space of odd elements is two dimensional: 

(osp(l|2))i = Span(X,e, Xe). 
The new commutation relations are 

[X^2,Xe] = —X^e, [Xx,Xe] = ~2^ei [^ii^e] = 0, 
2.3 The space of weighted densities on 5^'^ 

In the super setting, by replacing dx by the 1-form a, we get analogous definition for 
weighted densities i.e. we define the space of A-densities as 

^^^{cf>^F{x,e)a^ I F{x,e)eC°^{S'\')}. (2.5) 

As a vector space, is isomorphic to C°°{S^^^), but the Lie derivative of the density Ga'^ 
along the vector field Xp in /C(l) is now: 

£x,(G'a") = ^^xAG)a\ with £^^(0?) = £xAG) + ^F'G. (2.6) 
Or, if we put F — a{x) + h{x)9, G — go{x) + gi{x)9, 

(G) = L'aa. (go) + lbg^+ (^l'J} {g,) + \g,h' + \g',h^ 9. (2.7) 

Especially, we have 

^\S9^) = ^k(^o), £1(^1^) = ^i^i^(^i), 

and 

Of course, for all A, is a /C(l)-module: 
We thus obtain a one-parameter family of /C(l)-modules on C°°(5'^l^) still denoted by ^x- 



2.4 Differential Operators on Weighted Densities 

A differential operator on S*^'^ is an operator on C°°(S'^'^) of t lie following form: 

i=0 i=0 

In [1], it is proved that any local operator A on 5^'^ is in fact a differential operator. 

Of course, any differential operator defines a linear mapping from to ^fj_ for any 
A, /i G M, thus the space of differential operators becomes a family of /C(l) and osp(l|2) 
modules denoted Sa,^, for the natural action: 

= o A - o (2.8) 

3 The space H\o5p{l\2)]Vx,^,) 

3.1 Lie superalgebra cohomology (see |[2|) 

Let = 00 ffi 01 be a Lie superalgebra and A = Ao(BAi a module. We define the cochain 
complex associated to the module as an exact sequence: 

^ C°(0, A) ^ > C^-\g, A) ^ ^^(0, A) ■ ■ ■ . 

The spaces C'^{q, A) are the spaces of super skew-symmetric q linear mappings: 

qo 

C°(0, A) = A, C^(0, A) = Hom(/\0o ® S^^0i, A). 

qo+qi=q 

Elements of C"^(0, A) are called cochains. The spaces C'^{q, A) is Z2 graded: 

qo 

Cig, A) = q(0, A) + C?(0, A), with q(0, A) = Hom(/\ 00 ® S^^0i, A,). 

90+91=9 
qi+r=p mod2 

The linear mapping 5^ (or, briefly 5) is called the coboundary operator. This operator is 
a generalization of the usual Chevalley coboundary operator for Lie algebra to the case of 
Lie superalgebra. Explicitly, it is defined as follows. Take a cochain c G C"^(0, A), then 
for Qq, qi with Qq + qi = q + 1, is: 
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S'^c{gi, gg^, hi, hg^) 

= X] i-'^y^^~^c{[gs,gt],gu---,9s,---,gt,---,gqo, hi,---,hq,) 



l<s<t<qo 

10 qi 



+ ^c{gi,...,gs,...,gqo, [9s,ht],hi, . . . ,ht, . . . ,hq,) 



s=l t=l 

+ ^ c{[hs, ht], gi, . . . , gq^, hi, . . . ,hs, ■ ■ ■ ,ht, . . . , hq-^^j 

l<s<t<qi 

go 

J 9si ■ ■ ■ 1 9qo ' hi, ... , hq^ ) 
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+ (-1)^° ^ XI hsc(gi, gqo, hi,...,hs,...,hq,). 

s=l 

where gi, . . . , gg^ are in go and hi,..., hg^ in Qi. 

The relation S'^ o 5"?"^ = holds. The kernel of 6'^, denoted Z'^{q, A), is the space of 
q cocydes, among them, the elements in the range of S'^~^ are called q coboundaries. We 
note B''{q, A) the space of q coboundaries. 

By definition, the q*^ cohomolgy space is the quotient space 

H'^iQ, A) = Z^Q, A)/B^(0, A). 
One can check that S'^{C^{g, A)) C C^+^(0, A) and then we get the following sequences 

c°(0. A) ^ > A) ^ q(0. A) • • . , 

where p = or 1. The cohomology spaces are thus graded by 

H^^ig, A) = Ker(5^|c.(,,A)/<^^-^(Cr^(s, A)). 

3.2 The main theorem 

The main result in this paper is the following: 

Theorem 3.1. The cohomolgy spaces Hp(0,S)A,,i) are finite dimensional. An explicit de- 
scription of these spaces is the following: 

l)The space Hj(osp(l|2), Da,,,) is 

h;(o=p(1|2),S,„). (3.9) 
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A base for the space Ho(osp(l|2), Da,a) is given by the cohomology class of the 1-cocycle: 

T,,,(Xp) =F'. (3.10) 

2)The space Hj(osp(l|2), Da,^) is 

{1 — k k 
^''^ ^ = ^=2' (3.11) 

otherwise. 

A base for the space Hj(osp(l|2), 2) *: ) is given by the cohomology classes of the 
1-cocycles: 

Ti^ u iXp) = (k- l)r]\F)rf^-^ + rfiF)rf^-''. ^^'^^^ 

2 ' 2 

Note that the 1-cocycle Ti-fc k coincides with the 1-cocycle 72^-1 given by Gargoubi et 

2 '2 

al. in [4]. The proof of Theorem 13. II will be the subject of subsection 3.4. 

3.3 Relationship between H^(o5p(l|2), Da J and Hi(s[(2), 2:>a,a*) 

Before proving the theorem 13.11 we present here some results illustrating the analogy be- 
tween the cohomlogy spaces in super and classical settings. 
First, note that: 

1) As a s[(2)-module, we have ^x^^\® ^{J^x+\) and osp(l|2) ~ sl{2) © n([)), where 
f) is the subspace of spanned by {rfx"^, and 11 is the change of parity. 

2) As a sl(2)-module, we have for the homogeneous components of 2Da,/^: 

(Da,^)o ~ Pa,m © PA+i,^+i and (Da,^)i ~ n(D;,+ i,^ © ). 

Proposition 3.1. Any 1-cocycle T G Z^(osp(l|2); 2)a.^), is decomposed into (T', T") in 
Hom{sl{2);Dx^^) © i7om(f); Da,/^)- T' and T" are solutions of the following equations: 



r"{[X„X,o]) - ^]tr\X^e) + ^te^\X,) = O, (3.14) 



T'([x,„x,,]) - i:^^^j'(x,j + i:^^^j'(x,j = o, (3.13) 

^9 



ri[X,,e,X,,e]) - ii^r^ T"(X,,,) - Sl'/T"iX,,e) = 0, (3.15) 



here, g, gi, g2 are polynomials in the variable x, with degree at most 2, and h, hi, /i2 are 
affine functions in the variable x. 
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Proof. The equations (I3.13p . (13.140 and (13.15P are equivalent to the fact that T is a 
1-cocycle. For any Xp, Xq G osp(l|2), 



□ 



According to the Z2-grading, the even component Tq and the odd component Ti of any 
1-cocycle T can be decomposed as Tq = (Tqoo, Tqoi, Tno, T^^i) and Ti = (Tqio, Tq^, Tioo, T^qi' 
where 



f Tooo: s[(2) 

Tool: 5[(2) 

Tno : [) 

Tiu: [) 



V 
V 
V 



X,fii 



T 



010 



5[(2) 



and < 



Tioo : f) 



V 
V 



A,At+i' 



A+i,At 
^^A,M, 



The decomposition T = (T', T") given in proposition 13.11 corresponds to 

= I-LQOO, J-ooi' J-OIO, -LoiiJ ^-^Cl 1 = 1 110, 1 111 , 1 100, i loij- 

By considering the equation (13.131) . we can see the components Togo, ^oqi, Toiq and 
Tqii as 1-cocycles on s[(2) with coefficients respectively in T>x^^, 2^A+-,At+i' ^A,^+i' ^^'^ 

^A+l,/.- 

The first cohomology space H^(sl(2); "Da,/^) was computed by Gargoubi and Lecomte 
[HI [5] . The result is the following: 



H'(st(2);PA,, 



M if A = /i 

if (A,/i) = (i^,i±^; 

otherwise. 



where G N \ {0} 



(3.16) 



The space H^(s[(2); Pa,a) is generated by the cohomology class of the 1-cocycle 

C'x{Fj-){fdx^)=F'fdx\ 



(3.17) 



For A; G N \ {0}, the space H^(s[(2); i+fe) is generated by the cohomology classes of 
the 1-cocycles, Ck and defined by 



d 



i-fc . 

2 



F'f^Mx'-^ and Ck(F-^)(fdx^' 

dx 



F"f^'-'^dx 

We shall need the following description of s 1(2) invariant mappings. 
Lemma 3.2. Let 

A : i) X J^x ^ ^f^, (hdx-^Jdx^) ^ A{h, f)dx^' 



(3.18) 
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be a bilinear differential operator. If A is sl{2) -invariant then 

fi = X — - + k, where G N 
and the following relation holds 

Ak{h,f) = ak{hf^^^ + k{2\ + k~l)h' f^''^^^), where fc(fc-l)(2A + fc-l)(2A + fc-2)afc = 0. 
Proof. A straightforward computation. 

□ 

Now, let us study the relationship between these 1-cocycles and their analogues in 
the super setting. We know that any element T G Z^(osp(l|2), Da,/^) is decomposed into 
T = T' + T" where T' G i/om (s[(2), Da,^) and T" G Hom{\)^,^x,^,)■ The following 
lemma shows the close relationship between the cohomolgy spaces iJ^(osp(l|2), !Da ^) and 

Lemma 3.3. The 1-cocycle T is a coboundary for osp(l|2) if and only ifT' is a coboundary 
for 5l{2). 

Proof. It is easy to see that if T is a coboundary for osp(l|2) then T' is a coboundary 
over 5[(2). Now, assume that T' is a coboundary for sl{2), that is, there exists A G S)a,^i 
such that for all g polynomial in the variable x with degree at most 2 

T'(X,) = i^^M. 

By replacing T by T — 6A, we can suppose that T' = 0. But, in this case, the map T" 
must satisfy, for all h, hi, h2 polynomial with degree or 1 and g polynomial with degree 
0,1 or 2, the following equations 

£^J'T"(X,e) - T"{[Xg,Xf,o]) = 0, (3.19) 
J"(X,,,) + J"(X,,,) = 0. (3.20) 

1) If T is an even 1-cocycle then T" is decomposed into Tqq : f) ® -^a+I ~^ -^m 
Tq^ : I) ^ J-'x ^ '^^^ equation ( 13.19^ tell us that Tqq and Tq^ are s[(2) invariant 

bilinear maps. Therefore, the expressions of Tqq and Tq\ are given by Lemma [321 So, we 
must have /x = A + A; = (A + |) — | + (and then yU + | = A — | + A; + 1). More precisely, 
using the equation fl3.20p . we get up to a factor: 

' if k{k - 1)(2A + A;)(2A + k - 1) ^ or A; = 1 and A ^ {0, -i}, 

T= <! 6{eded'J if (A,^) = (^,^), 

6(8'^ - eded',) if (A, /i) = (i^, ii^) or A = 
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2) If T is an odd 1-cocycle then T" is decomposed into Tqq : f) ® JF^^ — > jF^i and Tg^ : 
P) ® -^A+i ~^ *^M+5' previous case, the expressions of Tqq and Tq^ are given by 

Lemma 13.21 So, we must have yU = A — | + (and then + | = (A + |) — | + A;.) More 
precisely, using the equation fl3.20p . we get: 

{0 if k{k - 1){2X + k - 1) ^0 

6{e) if /i = A-i, 
6{de) if /i = A + i, 
6ied'J if (A,/i) = (i-^,|). 

□ 

Now, the space Z^{osp{l\2),Dx,^) of 1-cocycles is Z2-graded: 

Z\ospil\2), Da J = Zi(osp(l|2), S)a,m)o © ^'(osp(l|2), (3-21) 

Therefore, any element T G Z^(osp(l|2), Sa,/^) is decomposed into an even part Tq and 
odd part Ti. Each of Tq and Ti is decomposed into two components: Tq = (Too,Tii) 
and Ti = (Tqi, Tio), where 

r Tqq : 5[(2) ^ (S,,^)q, r Toi : 5[(2) ^ (Da,^)i, 

\ Tn : f) - (Da,;.)i, 1 Tio : t) - (Da,^)o. 

The components Tn and Tio of Tq and Ti are also decomposed as follows: Tn = Tno + 
Tni and Tio = Tioo + T^qi, where Tno e Horn (i),V^^^^i^, T^^i G Horn (^J), Pa+i,/.) > 

Tioo G Hom{i),Vx,^,), T^qi G Horn (f), ) . 

As in [1], the following lemma gives the general form of each of Tno and T^^^i . 

Lemma 3.4. Up to a cohoundary, the maps Tno; '^ii^' '^loo one? T^qi are given by 

Tno(X/,e) = aohOd'', + a^h'Sd^-^ and T^^i_{Xhe) = bohded^, + bih'ded^^ 
Tno(X/^e) = CohOd', + ch'edt' and T^.i (X^,) = dohded', + d^h'dedt', 

where the coefficients ai, bi, ci, and di are constants. 

Proof. The coefficients a,, 6j, Cj, and di a priori are some functions of a;, but we shall 
now prove dxOi = dxbi = (and similarly dxCi = dxdi = 0). To do that, we shall simply 
show that £gf (Tn) = 0. 

First, for all h polynomial with degree or 1, we have 

(£^f Tn)(X,,) = 4f (Tn(X,,)) - Tn([9., X,,]). (3.22) 

On the other hand, from Lemma [3.3[ it follows that, up to a coboundary, Tqq is a linear 
combination of some 1-cocycles for sl(2) given by 03.171) and (13.181) . So, we have TQQ{dx) = 
and then 

4L(Too(5..)) = 0. 
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Therefore, the equation (13.221) becomes, for all h, 

- {4fTn){X,e) = Tn([9.,X,,]) - 4f{T,,{X,e)) + £^^^,(Too(9.)). (3.23) 
The right-hand side of (13.231) is nothing but STo^d^, X^g)- But, Tq is a 1-cocycle, then 

□ 



0. Lemma [3.41 is proved. 



3.4 Proof of Theorem [3J] 



The first cohomology space ll^{osp{l\2);Dx^^) inherits the Z2-grading from (13.211) and is 
decomposed into odd and an even subspaces: 

H1(0SP(1|2);Da,;.) = H^(05P(1|2);S)a,m)©H}(05P(1|2);S)a,m). 

We compute each part separetly. 

I) Let To be a non trivial even 1-cocycle for osp(l|2) in 2Da,^c According to the Z2- 
grading, Tq should retain the following general form: Tq = T000+ ^"00^ + ^110 + ^iii such 
that 



000 



T'llO 

2 



51(2) 

s[(2) 



V 
V 



(3.24) 



Then, by using Lemma 13.31 we deduce that, up to coboundary, Tqoo and Tqqi can be 

expressed in terms of C'^, Ck and Ck where A G M and A; G N \ {0}. We thus consider three 
cases: 

i) A = /i, Tooo = aC[, and Toqi = PC'^f 

ii) (A,/.) = (^, i±^), Tooo = aiCk + «2d, and Tool = 0. 



iii) {X,fi) = (^, I), Tooo = and T^qi = aiCk + a2Ck. 



Put T' = Tooo + '^ooi ^" ~ ^110 + ^iih- ^ach case, the 1-cocycle To must satisfy 

(3.25) 



where /i, /ii, and /12 are polynomials of degree or 1, (7 polynomial of degree 0, 1 or 2. 
Now, thanks to Lemma 13.41 we can write 

Tiio(X,,e) = a^hOd'', + a^h'Odt^ and T^^.{vhe) = bohded^, + bih'ded^,-\ 
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Let us now solve the equations (I3.25p . We obtain A = /i and Tx^x^Xp) = F'. This 
completes the proof of part 1). 

2) Consider a non trivial odd 1-cocycle Ti for osp(l|2) in 'Z>x,fj, and its decomposition 
Ti = Toio + + Tioo + T^Qi , where 



'Y'oio 
Tfioo 



5[(2) 

s[(2) 
[) 



V 



^A,M, 



(3.26) 



V 



A+i,/.+ i- 



We must have (A,/i) = (i^, |) with A; G N\{0}. Moreover Ti = Tooo + Toqi +T110 + T11] 
is a 1-cocycle for /C(l) if and only if 



T 



010 



01 J 



■iA,;i Til I V \ I riA.M ■v""/ 



(3.27) 



where T' = T, 



010 



- -^X^hi i (A0;,J + ^Xo^.^ i l^fhi. 

Toil and T" = Tioo + Tigi. 



As above, we then can write 

T,^^{Xhe)=aohedl + aih'ed^' and T,^i{vhe) = bohded', + hh'ded: 



,k-l 



According to Lemma 13.31 the map Ti is a non trivial 1-cocycle if and only if at least one 
of the maps Tqio and Tq^i is a non trivial 1-cocycle for sl(2), that means (ai, 02, P2) 7^ 
(0, 0, 0, 0). Let us determine the linear maps Tioo and T^^gi- Up to factor, we get: 

Ti = aiTi-fc k + i~k k + aoS(29d'^.). 

2 ' 2 2 ' 2 

Thus, the cohomology classes of Ti^ k and Ti-fc k generate HUo5p(l\2),D 1^ k). The 

2 ' 2 2 ' 2 2 ' 2 

proof is now complete. 



References 

[1] I. Basdouri, M. Ben Ammar, N. Ben Fraj, M. Boujelbene and K. Kammoun Coho- 
mology of the Lie Superalgebra of Contact Vector Fields on M^'^ and Deformations of 
the Superspace of Symbols, |math.RT/0702645j 

[2] Fuchs D B, Cohomology of infinite- dimensional Lie algebras, Plenum Publ. New York, 
1986. 

[3] H. Gargoubi, Sur la geometric de I'espace des operateurs differentiels lineaires swr M, 
Bull. Soc. Roy. Sci. Liege. Vol. 69, 1, 2000, 2147. 



12 



[4] H. Gargoubi, N. Mellouli and V. Ovsienko Differential Operators on Supercircle: 
Conformally Equivariant Quantization and Symbol Calculus, Letters in Mathemat- 
ical Physics (2007) 79: 5165. 

[5] P. B. A. Lecomte, On the cohomology of $l{n + 1;M) acting on differential operators 
and sl{n + equivariant symbols, Indag. Math. NS. 11 (1), (2000), 95 114. 

[6] A. Nijenuis, R. W. Richardson Jr., Deformations of homomorphisms of Lie groups 
and Lie algebras, Bull. Amer. Math. Soc. 73 (1967), 175-179. 



13 



